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In the determination of heats of dilution of alcohol 
solutions, with a calorimeter of similar design to that des­
cribed in this thesis, it was found necessary to make extensive 
alterations and improvements on previous forms. As an outcome 
of the work done during the year 1916 - 1917 and previously, it 
was thought desirable to design a smaller calorimeter which 
should embody the improvements suggested by the early work. This 
design is the subject of this thesis. An account of the first 
calorimeter of this design appeared in the thesis of I. R. Ruby1 
and later an aocount of some work done with it appeared in the 
thesis of E. N. Chapman^.
The electric adiabatic control as originally described 
in the thesis of Ruby is retained, and in addition, another 
surrounding bath which is also electrically heated and stirred has 
been added. This second bath completely surrounds the first,
while athermocouple and galvanometer serve to regulate the tem­
perature difference between the two baths, thus making conditions 
more uniform.
The principle embodied (a modified adiabatic regulation) 
is the same as that employed previously in this laboratory. That 
is, a temperature difference between calorimeter and environment 
is found at which the heat flowing from the calorimeter exactly 
balances the heat generated by stirring, thus maintaining the 
liquid in the calorimeter vessel at constant temperature.
This constant temperature difference between the inner 
and outer bath, has been found to vary from day to day and 
apparently depends on the room temperature, as well as the rate 
of evaporation from the surface of the outer bath. For this 
reason the outer bath of the older design is completely sur­
rounded by another bath, also electrically heated and controlled.
T. W. Richards ^ and his associates have done some 
excellent calorimeter work, using an adiabatic calorimeter in 
which the "surroundings" and the calorimeter are kept at the 
same temperature. Corrections for stirring, evaporation, etc., 
must however be made. These corrections are automatically 
eliminated by the method used in this worfc.
Because of the uncertainty of specific heat data for 
the solutions used and for the metal parts of the calorimeter, 
the water equivalent of the calorimeter is determined for each 
experiment as follows: A measured amount of electrical energy
is converted into heat in the electrical heater of the calori­
meter and the rise in temperature (in resistance units) observed 
by means of the platinum resistance thermometer. Since we have
3.
measured the heat effect produced by dilution also in resistance 
units, we may calculate the heat of dilution by the proportions-
Hg is the electrical heat passed in, also in calories. 
Rp is the change in resistance of the thermometer 
due to the dilution effect.
Rg is the change in resistance of the thermometer 
due to the electrical heat.
I is the current thru heater, 
t is the time in seconds.
The platinum resistance thermometer used in this work
was manufactured by Leeds and Northrop Co. The Wheatstone bridge 
used in connection with the thermometer was also manufactured by 
Leeds and Northrop Company especially for work of this nature. 
With a sufficiently sensitive galvanometer resistance may be 
measured to 0.00001 of an ohm; corresponding, with a 35 ohm 
thermometer, to very nearly 0.0001 of a degree. Thermometers of 
the type used are described by Dickinson and Mueller and other4 .
proper temperature difference between the calorimeter and sur­
roundings are described by W. P. White5 .
where
HD : He  : : Rd : Rg 
is the heat of dilution in calories.
and
where E i3 the voltage drop across heater
The thermojunctions used in this work to obtain the
4.
DESCRIPTION of the APPARATUS.
The assembled calorimeter is shown in section and plan 
in Plate 1. A - A is a vessel containing the outer bath which 
is heated by coils e on the stirrer f. B - B and Bi - Bi make 
up a double walled vessel containing a volume of water which we 
may call the "surroundings". Bg is the cover clamped onto a 
flange carried by vessel B - B^. The clamps are not shown in 
the drawing. A rubber gasket g, serves to make a water tight 
joint. The two vessels B - B and B^ - B]_ are kept apart at the 
top by a rubber ring h and at the bottom by a hard rubber ring i. 
This inner bath called "the surroundings" is heated electrically 
by wire coils j on the stirrer K.
The temperature difference, on an arbitrary scale, 
between the outer bath and the surroundings is observed by means 
of a thermocouple G, one leg of the thermocouple being in the 
outer bath and the other in the surroundings. This thermocouple 
has 16 copper-constantan junctions.
Vessel C C^, the calorimeter proper, is also a double 
walled vessel provided with a cover Cg held on by clamps, one f 
which is shown a 1. It also has a rubber ring g, and the two 
vessels are separated by a hard rubber ring i]_. At the top of 
the vessel, the rubber ring h, serves the same purpose as h.
The vessel C Ci contains the solution to be diluted, the platinum 
resistance thermometer Pt, the cup D for holding the dilution 
water, an electrical heater H, and a stirrer S. A thermojunction 
H, composed of 13 junctions is shown in the top view while one
leg is shown in the lower view.
The dilution cup is provided with two outlets closed 
by two rubber stoppers dx and d3 arranged as shown. The stopper 
d, is fastened to the rod dj. The entire cup is submerged in the 
liquid in the calorimeter. To operate, the rod d3 is pushed 
down carrying the stopper dx with it. The solution rushes into 
the free space in the cup. The stopper d^ is now displaced and 
the stirrer s soon causes a thorough mixing. The dilution cup 
is suspended from cover C2 and Bg by the brass tubes d4 and d5, 
which pass thru the larger tubes a - a^.
The tube d4 is used for filling the cup while the 
stirrer rod passes thru d5 . The setscrew a3 holds the cup at 
-the proper level. When the calorimeter is dismantled, the 
dilution cup may be removed by simply loosening a3 . The dilution 
cup is made up of light brass or copper sheeting with a heavy 
brass flange soldered on at the top to which the cover D3 is 
fastened by means of the screws. A rubber gasket g3 makes the 
cup water tight.
The heater H is a copper tube containing an insulated 
manganin wire. The ends of the manganin wire are soldered to 
heavy copper leads at a point below the solution level and these 
leads are then brought out through the calorimeter cover.
The cover Cg of the vessel C is fastened to the cover 
B3 of the vessel B by the tubes A, Aq, A3, A4, and Ag .
Stirrers K and f serve to stir the "surroundings".
These stirrers are moved by means of the horizontal bar Q to 
which the vertical rods of the stirrers are fastened by means 
of the set screws. The bar Q i3 given a vertical motion by a
crank which is rotated by a motor. This is shown in detail on 
another plate.
The two dilution cups which were tired out are shown 
on plate 3. Figure 1 shows the cup which was later discarded in 
favor of the one in Figure 3. The original cup had a heavy brass 
ring at the top which was normally held against the cover f.
In order to make a dilution with this arrangement, stopper d 
was pushed out by rod c and then the whole cup was lowered by 
means of the wires e - e.
It was obviously important to know whether the water 
in this cup was at the same temperature a 3 that in the calorimeter. 
Accordingly the experiment was tried of "diluting” water with 
water in order to observe possible temperature changes. The 
results of this experiment are given in some detail as they 
illustrate the excellent thermal regulations obtained as well 
as give the data on which is based the design of the dilution 
cup shown in Figure 3. Table 1 gives the figures obtained in 
this experiment.
The first column gives the time, column 3 the reading 
of the differential thermometer, and column 3 the resistance 
of the thermometer. With the thermometer used a change of re- 
3istance of .00001 ohm is very nearly equal to .0001 degree 
centigrade, so that the last figure in column 3 represents ten 
thousanths of a degree. At the beginning of the experiment
A
the surroundings of the calorimeter were 8.3 units lower than 
the calorimeter. This was slightly too large a difference as 
the temperature and therefore the resistance of the thermometer 





2:35 3.2 27.710+ .0107542 8.2 .0107045 8.2 .0106949 8.0 .0106754 8.0 .0106453 8.0 .010623:07 7.5 .01060to 7.5 .0106014 7.5 .0105919 7.5 .010582 6 7.5 .0105731 7.5 .0105737 7.3 .0105744 7.3 .0105843 7.4 .0105955 7.4 .0105953 7.4 .010594:04 7.4 .0105906 Forced stopper out.
07 7.4 .0105708 7.4 .0105709 Lowered. cup.10 7.4 .0105613 7.4 .0105519 7.4 .0105725 7.4 .0106034 7.4 .01064Raised cup to original position.
36 7.4 .0106540 7.4 .0106546 7.4 .01065Lowered cup.
48 7.4 .0106353 7.4 .0106553 7.5 .0106859 Raised cup.5:01 7.4 .0106906 7.4 .0106910 7.4 .0106915 7.4 .01069
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the temperature still continued to fall only much slower. A 
slight increase is seen at 7.3 and the correct value is found 
at 7.4. That this is evidently the correct difference is in­
dicated by the fact that the thermometer resistance remained 
constant to within .0001 of a degree for eightminutes. At this 
point the stopper d was forced out and a slight drop of temper­
ature (0.0003 degree) observed. This drop is in all probability 
due to heat conducted along the sides of the cup to the cover 
of the calorimeter with which it is in contact. That this heat 
conduction takes place is shown by the readings taken after the 
cup is lowered into the calorimeter liquid. The initial drop 
of one unit is partly due to the immersion of the brass ring 
on the upper part of the cup.
This is followed by a slow rise of temperature due 
to the fact that the difference 7.4 is not enough to off-set 
the stirring effect when heat is not being carried out of the 
calorimeter by the contact of the cup with the cover. When 
raised to its original position the thermal balance is again 
established and the thermometer shows no change in ten minutes.
It is evident from these experiments that no large 
portion of the dilution cup should come into contact with 
the cover of the calorimeter and that the rate at which the 
heat is conducted to the cover should not change during a 
determination.
It will be seen that in Figure 2 we have eliminated 
these sources of error. The cup D is not moved during a 
determination. In order to make a dilution with this cup, the
8.
push rod to which the stopper dg is fastened, is forced down­
ward until the end of the rod strikes the lower stopper di. In 
order to complete the dilution the lower stopper d^ is forced 
out. The stirrer b assures an even mixing of the water and 
solution.
Plate 3 shows the calorimeter and the driving mech­
anism in detail. The motor shown in the lower right hand corner 
is a L  horsepower A. C. induction motor running at 1100 r.p.m.
It carries on the shaft a one-inch pulley grooved for a round 
belt of k inch diameter. A set of idler pulleys is shown at 
A consisting of an 8 inch and a 6 inch pulley fastened together. 
The larger pulley B is 14.4 inches in diameter and is mounted 
directly on the crank shaft which turns in the bearings C.C.
The crank has a throw of three-quarters of an inch giving a 
verticle motion of one and one-half inches to the stirrer. The 
details of the crank are shown above in full size. E is a 
brass bearing in which the rod F moves. The pulley system 
3hown will give the stirrer about sixty strokes per minute, 
with the motor mentioned.
Plate 4 is the diagram of electrical connections. The 
Wheatstone bridge for measuring the resistance of the thermometer. 
i3 shown at the upper beft hand corner. The two pairs of leads 
go to the platinum resistance thermometer Pt shown in the calor­
imeter at the lower left hand corner of the plate. The pair 
of leads marked T T are the main thermometer leads while those 
marked C C are compensating leads to correct for varying depths 
of immersion and for temperature changes outside of the solution.
9
Ui and Mg are thermocouples, indicating the tem­
perature difference between the outer bath and the surroundings, 
while Mg indicates the temperature difference between the sur­
roundings and the calorimeter itself. These are connected to 
the same galvanometer Gg, the two-way switch 0 allowing either 
thermocouple to be connected to the galvanometer.
J is a storage battery furnishing about 10 volts to 
the heater H which has a resistance of about 3 ohms. W is a 
ballast resistance for polarizing the storage batteries. Q is 
a double-pole double-throw mercury break switch so connected 
as to connect the batteries to the heater H or to the resistance 
W. When the storage batteries are connected to the heater, a 
110 volt circuit is also connected to the heater R thru the 
resistance 3, so that the temperature rise in the surrounding 
bath will be nearly the same as that in the calorimeter. The 
resistance 3 is so adjusted that not quite enough current is 
sent thru the heater R to make the temperature rise the same 
in the inner bath a3 in the solution, consequently key K, must 
be pressed from time to time. This arrangement is made be­
cause it is easier to correct for under-heating of the surround­
ing bath than for overheating of the same. The outer bath 
need not be as carefully regulated and consequently is con­
trolled only by key Kg.
The voltage drop across the heater H is measured by 
the potentiometer P. The amperage is obtained by measuring 
the voltage drop across a known resistance Wy . This is also
1 0.
accomplished by means of the potentiometer P connected to 
the double pole double throw switch L. The total amount of 
electrical energy is equal to E I t joules. The time is 
measured with a stopwatch. The potentiometer P is of the 
Leeds and Northrop "student type” and is fitted with a suit 
able galvanometer.
Description of a Determination 
of the
Heat of Dilution of an Alcohol Solution.
11.
The heat of dilution was determined at 25 degrees 
C. and a four-normal ethyl alcohol solution was used. About 
9S00 grams of the four-normal solution were weighed out, 
brought to 25° C, and introduced into the calorimeter thru 
a tube in the cover. The dilution water was also weighed and 
introduced into the dilution cup thru another tube. The stirrer 
was now started and by means of the electrical heating coils 
on the stirrer the temperature of the surrounding baths is 
adjusted slightly lower than the calorimeter temperature, so 
that the heat generated in the calorimeter by stirring flows 
outward thru the calorimeter walls. When this condition i3 
reached, the temperature of the calorimeter ( as indicated 
by the resistance thermometer readings) remains constant.
After the temperature of the calorimeter ha3 re­
mained constant to 0.0001 of a degree for about five or six 
minutes, the stoppers in the dilution cup are forced out. The 
bath surrounding the calorimeter is now heated up in order to 
maintain the established difference of temperature.
When the thermometer readings are again constant 
showing that the heat effect of dilution is over, a measured 
amount of electrical energy is passed thru the heater in the 
calorimeter. The voltage is measured with the Leeds and 
Northrop potentiometer while the amperage is obtained by
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measuring the voltage drop across a known resistance with the 
same insturment. During this heating period which lasts ten 
minutes, the surrounding bath i3 heated by an electrical heater 
on the stirrer so that the temperature difference originally 
obtained is maintained. After the heating period the temper­
ature rise is again accurately measured by means of the re­
sistance thermometer.
Now 3ince the amount of heat, calculated from the 
electrical energy jjbassed thru the heater, gives a certain 
change in resistance of the resistance thermometer; then 
by direct proportion the heat of dilution of the solution 
caused by the addition of the water can be calculated. Thus 
it i3 unnecessary to calibrate the thermometer or determine 
the heat capacity of the calorimeter since the specific heats 
and the temperature co-efficient of resistance of platinum 
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